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地盤の振動性状と地震応答 (橋詰)
Relationship bet、veenヽ「ibration Characteristics and
SeisHic Response of Ground
Yutaka HASHIZUME
Abstract
Every outbreak of a major earthquake inevitably results in damage of various kinds,
Particularly,damage to civil engineering structures and buildings often arects peoples'assets
and lives,Its impact on society as a、vh le can be tremendOus
Structures must be appropriately designed and constructed with structural strength,
flexibilityゥ and other factors duly taken into consideration in order to prevent damage from
earthquakes  lmportant is an understanding of the size or forHl of force,or seis■lic energy in
this case,acting on the structure,as this requires clarification of dynanlic characteristics of the
ground that trans■lits seisHlic motion.
An earthquake is by nature a form of vibration energy that includes impacts,  It changes
in various vibrations due to the characteristics of the ground in the process of trans■l s i n
Earthquake on the ground surface is strongly depending on the vibration characteristics of the
layers underneath,but its mechanism has yet to be clearly identined.
This study ailns to clarify the relationship between earthquake damage and the vibration
characteristics of the ground in the context of rnicro tremors and liquefaction Of sandy ground
A rnicro tremor is a vibration response in an almost elastic dolllain where the strain of the
ground vibration is 10~6 。r leS .  Liquefaction is a phenomenon, a kind of failure mode,
removing froni the elastic to the plastic domaln
When、キ′ave motion generated by various vibration sources(both natural and artincial)
Ⅵ/ith unkno、vn distances and directions repeatedly undergoes attenuation, amplincation,
denection,renection,and composition dependil■g on the nature of the rllediuill(ground)through
which the wave transfers,it anaHy Settles into a steady state.  GrOund Hlicro tremors are this
wave motion measured at such a steady state.  Thus,these tremors may be very important
means to evaluate the natural vibration characteristics of the ground  W笙easurement of lnicro
tremors is an easy―to―us  and cost―effective means of obtaining a variety of ground informa‐
tion覇/ithout damaging the investigation point, although the precision is somewhat less than
that of a boring investigation or physical exploration.  よ/1icro tremor rlleasureme t allo、、アs us
to make a comparative analysis of the ground、vith respect to structural damage.  This study
investigated the relationship between damaged structures and underground water pipes as a
result of the 1994 Far―Ott San iku EarthQuake,and the topography and the vibration character‐
istics of the ground.  In addition,the predonlinant period of the ground、ハ/as prec sely conAl・med
by comparing the results of vibration response analysis using boring data、vith th results of
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micro tremor measurementゥ and a close relationship bet、veen v bration characteristics and
ground conditions、vas identined
LiquefactiOn, one of the failure phenomena in the plastic domain of ground, has been
reported in a lot of literatures,but a number of cannot be explained by conventional theories
of repeated action of seis■l c waves observed in actual liquefaction  For example,substantial
acceleration,which is used to prove the phenomena in laboratory,is not observed; hquefactiOn
occurs later than the main movementi follo～、アing long―period wave motion、vith small accelera‐
tion is observed for a long tilne; liquefaction occurs not only on the sandy ground but also on
gravel ground Or silty ground; and sometilnes substantial displacement occurs and remains
even、、アhen no clear sand boiling is observed
Liquefaction occurs、、アhen saturated sandy ground undergoes shear large deformation due
to seisllic vibration,causing excessive pore water pressure to reduce erective stress among
sand particles  This study focused on the causes of such shear deformation and the rnechanism
of its accumulated energy 「rhe f。1lowing hypothesis is proposed.
It is generaHy easier for 、キアave motion, 、vhich means all wave motion including seis■lic
motion, to shift from hard to soft layers, while it is difncult to move from soft to hard
Therefore, seis■lic motion energy that went through the hard layer and came through the
bedrock tends tO concentrate in the relatively soft layer closer to the ground surface.
The soft layer,which absorbs a tremendous amount of wave motion energy from a maior
earthquake,rnakes vibrating at its own natural period.  If that layer is under anOther hard
layer,it vibrates in secondary vibration mode; if the overlying one is not hard,it vibrates in
primary lnode.  The thicker it is,the more energy that's of layer can store.ヽ「ヽh n such s ored
energy provides large shear deformation to saturated sandy layers above, liquefaction will
result.
Grounds that liquettied in past large earthquakes、vave re―investigated frolxl this vie、vpoint
and results demonstrated that the rnajority of such ground sites had a thick and widespread soft
layer underneath consisting of peiable clay or silt layer.
The hyposesis discussed above,was applied at Hachinohe Port,M〆hich、vas amaged by the
1994 Far―Or sanriku Earthquake.  Then, seisHlic 、vaves with a maxirnum acceleration of
about 150 gal in a PaleozOic stratum  (base rOck) 20rn belo、■  ground surface unde  th
Hachinohe lnstitute of Technology 、アere introduced into the bedrOck of the ports where
liquefaction occurred,and analytted ground response.  The results indicated that the ground at
the lst lndustrial Port, M〆here only Hinor damage such as sand boiling、,,アas observed, stored
little energy with its strain of about O,8×10~3 and that the ground at the IInd lndustrial Port,
dameged maior liquefaction with alternative bed sand and clay layers of about 500 rn above
bedrock, had a level of strain that reasonably caused 6×10~3 1lquefaction  Acceleration
response、、‐as sman and long―peri d waves cOntinued,producing results that agree、vith the
hypothesis drawn above and the actual ground phenomena
Next,response of ground at Fukui,N五gata,Noshiro,and I《iizukuri where serious liquefac‐
tion had occurred in the past was calculated  Although the seisH五c、キア ves introduced are same
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as those frOm the 1994 Far―Or sanriku Earthquake, the silnilar results as those seen at
HachinOhe Port were obtained at those sites  Therefore, the results indicated that actual
phenomena can be readily reproduced by seislic waves froni the bedrOck and calculating the
response of the intermediate layers.
This procedure provides remarkable rationahzation of the currellt prediction method of
hquefaction and the current design lnethod of foundation.  In other words,the ne、v prOcedure
can reasonably reduce in the dilnension of foundation by considering displacement and deforma‐
tion,not great acceleration.
A structural design rnethod based on the ineasurement of lnicro tremors and the predonll―
nant period of the ground is recommended and the current design method for liquefaction be
done、vith regard to deformation of sand layer caused by seis■lic waves,  Sho ld be rene、′、アed
farther more.  It is desirable to prOve quantitatively the mechanism of liquefaction in this
study through shaking tests in laboratory,though dimcult.
Yukitake Shioi,chief advisor
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